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Cerebrospinal fluid (CSF) was taken from 19 children with bacterial meningitis treated with cefotaxime (300
mg/kg of body weight/day) and vancomycin (60 mg/kg/day). Median levels of drugs in CSF were smaller than
expected, as follows: 4.4 mg/ml for cefotaxime, 3.2 mg/ml for desacetylcefotaxime, and 1.7 mg/ml for vancomycin.
The median CSF bactericidal titer against an intermediately cefotaxime-resistant pneumococcus was 1:4. Our
data suggest at least an additive interaction between the drugs used in this study.

The widespread increase in penicillin-resistant pneumococci
has led to the use of extended-spectrum cephalosporins (cefo-
taxime [CTX] or ceftriaxone) as an empiric therapy for pneu-
mococcal meningitis in children (5). However, clinical failures
with delayed sterilization of cerebrospinal fluid (CSF) have
been reported when extended-spectrum cephalosporin MICs
are $0.5 mg/ml (12). In France in 1995, 44% of the strains
isolated from CSF specimens of children had diminished sus-
ceptibility to penicillin and for 80% of these strains the CTX
MIC was $0.5 mg/ml (10). On the basis of in vitro killing curves
(9) and experimental data (8), addition of vancomycin (VAN)
to extended-spectrum cephalosporin regimens has been rec-
ommended for empiric treatment of pneumococcal meningitis
in countries with a high incidence of resistant strains (18).
Antibiotic efficacy in the treatment of meningitis can be eval-
uated in vivo on the basis of CSF sterilization in 24 to 36 h (15)
and drug penetration into CSF and ex vivo in terms of CSF
bactericidal titer (CBT) analysis.

The aim of this study was to assess the efficacy of the com-
bination of high doses of CTX and VAN in the worst-case
situation, i.e., against the most resistant strain currently found
in France, by studying the activities of CSF specimens from
these children against this strain.

(This work was presented in part at the 36th Interscience
Conference on Antimicrobial Agents and Chemotherapy, New
Orleans, La., 15 to 18 September 1996.)

Patients and CSF samples. As part of a French multicenter
study, 19 children with signs of acute pneumococcal meningitis
(gram-positive cocci in CSF and/or pneumococcal antigens in
CSF, blood, or urine and/or risk factors for invasive pneumo-
coccal infections) were treated intravenously with CTX (300
mg/kg of body weight/day in four doses) and VAN (60 mg/kg/
day in four doses). The VAN infusion (1 h) was given after the
CTX infusion (20 min). None of the children received dexa-
methasone. A second lumbar puncture was performed 24 to
36 h after the beginning of treatment, in principle 120 6 30

min after the end of the CTX infusion (at least the fifth infu-
sion) to control sterilization, to determine antibiotic concen-
trations, and to assay the bactericidal activity in CSF. CSF
samples were stored at 280°C until use.

Antibiotic assays. CTX and desacetylcefotaxime (dCTX)
were measured by high-performance liquid chromatography
on an octyldecyl silane Hypersil column after liquid extraction
with chloroform-isoamyl alcohol; the detection wavelength was
270 nm, ceftizoxime was used as the internal standard, and the
limit of quantification was 1 mg/ml (6). VAN was measured by
liquid chromatography on an octyldecyl silane Hypersil col-
umn; the detection wavelength was 270 nm, trimethoprim was
used as the internal standard, and the limit of quantification
was 0.5 mg/ml (3).

CSF bactericidal assay. The test strain was a clinical CSF
isolate from a patient included in the study (patient 1401). It
was representative of the prevalent resistant clone (serotype
23F) currently found in France, which has intermediate sus-
ceptibility to CTX (7). MICs for the strain were determined by
microdilution in Mueller-Hinton broth supplemented with 5%
lysed and defibrinated sheep blood by using a standard inoc-
ulum (105 CFU/ml) and a heavy inoculum (107 CFU/ml).
MBCs (99.9% killing) were determined by plating 50-ml ali-
quots from clear microtiter wells onto Columbia agar and
incubating the wells in 5% CO2 for 24 h. The CSF bactericidal
assay was a microtiter broth dilution method. Serial twofold
dilutions of CSF in normal saline were made in microtiter
plates (CML, Nemours, France) to provide a range of 1:1 to
1:64 in a volume of 100 ml. One hundred microliters of an
early-log-phase inoculum was added to provide a final bacterial
density of 106 to 107 CFU/ml and a final CSF dilution of 1:2 to
1:128. This heavy inoculum was chosen to simulate that fre-
quently found in CSF of children with pneumococcal menin-
gitis (4). The early-log-phase inoculum was prepared by sus-
pending bacteria from an overnight agar culture in broth and
incubating the culture for 1 h. Survivors were counted after 6 h
of incubation by plating 50 ml of culture onto Columbia agar
with a spiral plater (Spiral Systems Inc., Cincinnati, Ohio)
(11). Colonies were counted after 18 h of incubation at 37°C
in room atmosphere with 5% CO2 by the quadrant counting
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Hôpital R. Debré, 48 Bd Sérurier, 75019 Paris, France. Phone: 33 (1)
40 03 23 40. Fax: 33 (1) 40 03 24 50.

2050



method. The CFU detection limit was 400/ml. Preliminary
experiments excluded a significant antibiotic carryover effect.
They were performed as follows. Inocula containing low num-
bers of bacteria (approximately 1 to 3 log10 CFU/ml) were
plated in the presence or absence of the combination of the
two antibiotics at the highest concentration observed in the
CSF of our patients. The viable counts were compared with
those of the original inoculum, and no significant difference
was observed. The CBT was defined as the highest dilution that
killed more than 99.9% of the initial inoculum. Reproducibility
was checked by repeating the assay on six CSF samples (two
assays for each sample). The same CBTs were found in the
duplicate assays, and the maximum difference in the change of
the initial inoculum was 0.6 log10 CFU/ml. We used the mean
of the two decreases in CFU for these six samples.

Results. The subjects’ ages ranged from 5 months to 17
years. Pneumococcal meningitis was confirmed for 18 patients
by isolation of pneumococcal strains in their CSF. The 19th
patient had meningococcal meningitis. The pneumococcal iso-
lates were susceptible to penicillin and cephalosporin in eight
cases, intermediately resistant to penicillin and susceptible to
cephalosporin in seven cases, intermediately resistant to pen-
icillin and cephalosporin in one case, and resistant to penicillin
and intermediately resistant to cephalosporin in two cases,
according to criteria of the National Committee for Clinical
Laboratory Standards (17). No cephalosporin-resistant strains
were isolated. All control CSF samples were sterile. At this
time, the clinical outcome is not available for all patients. The
follow-up evaluations at 6 to 12 months have been done for 9
of the 19 patients. No relapse or recurrence of meningitis has
been observed. The complete clinical study will be presented in
a subsequent report.

The same MICs and MBCs were obtained for the test strain
whatever the inoculum (105 and 107 CFU/ml) and were as
follows (MIC listed first): 2 and 4 mg/ml for penicillin G, 1 and

2 mg/ml for CTX, and 0.5 and 0.5 mg/ml for VAN. Individual
results of the CSF sampling times, antibiotic concentrations in
CSF, and CBT for each patient are shown in Table 1. Median
times (range) between CSF sampling and the end of the infu-
sion were 130 min (80 to 345 min) for CTX and 60 min (20 to
300 min) for VAN. Mean antibiotic concentrations in CSF 6
the standard deviation (median) were 5.5 6 3.9 (4.4), 3.7 6 2.3
(3.2), and 1.6 6 0.8 (1.7) mg/ml for CTX, dCTX, and VAN,
respectively. The CBTs were 1:16, 1:8, 1:4, 1:2, and ,1:2 for
one, four, seven, five, and two patients, respectively. The me-
dian CBT was 1:4. Individual results for the decreases in the
initial inoculum at dilutions 1:2, 1:4, 1:8, 1:16, and 1:32 are
shown in Table 2. The mean decrease (6 standard deviation)
was 3.4 6 0.5 log10 CFU/ml with the 1:2 dilution. With dilu-
tions 1:4, 1:8, 1:16, and 1:32, bacterial killing of 1 log10 CFU/ml
or more was observed with 17 CSF samples, 12 CSF samples,
6 CSF samples, and 1 CSF sample, respectively.

The need for accurate methods to predict bacteriologic and
clinical outcome in pneumococcal meningitis has become in-
creasingly acute. High doses of CTX have been proposed for
the treatment of meningitis due to pneumococcal strains with
decreased susceptibilities to penicillin (21). However, clinical
failures have been reported despite high doses, e.g., when CTX
or ceftriaxone MICs were $0.5 mg/ml (12). We have developed
an ex vivo method for clinical CSF specimens to measure the
activities of the combination of high doses of CTX and VAN
against the most common penicillin-resistant pneumococcal
strain found in French children. With high doses of CTX, the
median level of CTX in CSF was 4.4 mg/ml. By comparison to
results of previous studies using classical doses of CTX (160 to
200 mg/kg/day) (1, 20), increased doses do not appear to in-
crease concentrations of CTX in CSF. In experimental men-
ingitis, successful outcome correlates with a peak concentra-
tion of antibiotic in CSF 10 times greater than the MBC for the
infecting organism (19). CSF CTX levels obtained in our study
were not sufficient to obtain consistently in all patients such a
concentration against an intermediately cephalosporin-resis-

TABLE 1. Patient data and individual CSF antibiotic
concentrations and CBTs against an intermediately

cephalosporin-resistant pneumococcal strain

Patient Age

Time (min)
between CSF
sampling and
end of infu-

sion of:

CSF antibiotic concn
(mg/ml) CBT

CTX VAN CTX dCTX VAN

1401 11 yr 130 70 4.4 1.9 1.5 1:4
2701 12 yr 100 45 5.6 3.5 2.0 ,1:2
3002a 6 mo 345 45 4.4 3.2 1.5 1:8
4201 8 yr 190 120 2.7 2.3 1.7 1:2
2401 17 yr 100 40 4.8 5.5 1.8 1:8
3801 6 mo 100 40 4.4 3.5 2.0 1:4
3803 5.5 yr 130 70 4.4 3.5 1.8 1:4
1601 6.5 mo 165 95 6.1 5.1 2.6 1:8
3001 9 mo 190 130 7.3 4.4 2.2 1:4
3601 5 mo 120 60 15.1 7.0 2.9 1:4
4101 10 yr 130 40 2.9 2.0 1.1 1:2
4001 9 mo 130 60 5.8 3.2 1.3 1:2
3401 9 mo 160 90 5.1 3.2 1.5 1:8
1602 5 mo 80 20 3.7 1.9 0.9 1:2
1603 1.5 yr 180 120 7.9 5.0 1.7 1:4
1604 7 mo 130 60 15.5 10.7 3.3 1:16
1402 10 mo 110 300 1.7 2.8 0.4 ,1:2
1605 12 mo 130 60 2.6 1.4 0.6 1:4
2801 5 yr 150 90 1.0 1.2 0.3 1:2

a This patient received CTX in rapid (2-min) intravenous injections.

TABLE 2. Bactericidal activity in diluted CSF from 19 children
treated with the CTX-plus-VAN combination against

an intermediately cephalosporin-resistant
pneumococcal strain

Patient

Change in the initial inoculum (log10 CFU/ml)
after 6 h of incubation at dilution:

1:2 1:4 1:8 1:16 1:32

1401 23.9 23.7 10.1 Regrowtha Regrowth
2701 22.5 22.3 21.2 10.5 Regrowth
3002 23.4 23.1 23.0 10.9 Regrowth
4201 23.1 22.8 22.7 10.5 Regrowth
2401 24.0 23.7 23.0 22.4 Regrowth
3801 24.0 23.2 22.5 21.7 Regrowth
3803 24.0 23.2 22.7 20.5 Regrowth
1601 23.4 23.4 23.0 22.0 Regrowth
3001 23.1 23.1 22.2 21.0 Regrowth
3601 23.2 23.1 22.2 21.0 Regrowth
4101 24.0 22.0 11.0 Regrowth Regrowth
4001 23.1 22.8 10.2 Regrowth Regrowth
3401 24.1 23.5 23.4 Regrowth Regrowth
1602 23.0 Regrowth Regrowth Regrowth Regrowth
1603 23.1 23.0 21.5 Regrowth Regrowth
1604 23.9 23.9 23.8 23.3 22.4
1402 22.6 21.7 Regrowth Regrowth Regrowth
1605 24.0 24.0 Regrowth Regrowth Regrowth
2801 23.5 Regrowth Regrowth Regrowth Regrowth

a Regrowth is $2 log10 CFU/ml.
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tant strain. Therefore, use of a synergistic antibiotic appears
justified (8, 9). CSF VAN concentrations were expected to be
higher than those observed in our study. In a recent report,
using the same VAN doses to treat nine children with bacterial
meningitis, Klugman et al. (14) found levels in CSF of 3.3 6 1.1
mg/ml (mean 6 standard deviation), i.e., significantly higher
than in our study (P , 0.001, Student’s t test). These differ-
ences may be due to the CSF sampling time after the end of the
VAN infusion (mean of 80 min in our study and 170 min in
Klugman et al.’s study), the assay method (high-performance
liquid chromatography versus polarization of fluorescence in
Klugman et al.’s study), and the pathogens responsible for
meningitis (only one Streptococcus pneumoniae isolate among
the 10 patients in the study by Klugman et al. and 18 isolates
among the 19 patients in our study).

Data from the rabbit meningitis model have shown that a
peak CBT of $1:8 is necessary to achieve maximal bacterial
killing (16). Sixty-three percent of our patients had a CBT of
$1:4 or more, and only one-quarter had the optimal titer
($1:8). No clear correlation between CSF antibiotic concen-
trations and CBT values was observed with our patients. Bac-
terial killing of 0.5 to 3.3 log10 CFU/ml was observed with the
1:16 dilution in samples from seven patients, and killing of 2.4
log10 CFU/ml was observed with the 1:32 dilution in a sample
from one patient. At these dilutions, antibiotic concentrations
were below the MIC for the test strain. Our data therefore
suggest at least an additive interaction between the drugs used.
In vitro synergistic interactions between CTX and its major
active metabolite dCTX have been reported from experiments
using numerous species, including S. pneumoniae (13). More-
over, a synergistic effect on penicillin-resistant pneumococcal
strains of the combination of extended-spectrum b-lactams
(ceftriaxone and cefpirome) and VAN has been reported from
in vitro experiments (2, 9) and from experimental treatment of
meningitis (8). In the same way, Klugman et al. (14) reported
that CSF of patients treated with ceftriaxone plus VAN
showed greater bactericidal activity against two cephalo-
sporin-resistant pneumococcal strains than CSF of patients
treated with ceftriaxone alone. Three of our 19 patients had
pneumococcal strains for which the CTX MIC was 1 mg/ml. In
all three cases, CSF CTX levels were below 10 times the MBC
for the infective strain; the CBT of these patients was 1:4, but
no delayed sterilization of CSF was observed.

We thank M. Rosembaum and M. Bouvier d’Yvoire for helpful
discussions and the pediatricians and microbiologists participating in
the multicenter study.
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